The goal of this study was to assess the water needs of elderberry. The investigation included elderberry plants that had been planted in land reclamation areas more than three years earlier. The water needs were evaluated for 5 agro-climatic regions of Poland. The calculations were based on the observation of meteorological conditions in the years 1981-2010 for the period from June 1 to July 31. To determine the water needs, the plant coefficient method was applied. The Blaney-Criddle formula, which was modified for Polish conditions by Żakowicz (2010), was used to calculate the reference evapotranspiration. The plant coefficients of elderberry, adapted to the reference evapotranspiration, were adjusted to Żakowicz's method. The rainfall deficit with the probability of occurrence: N 50% , N 25% and N 10% , was assessed in accordance with Ostromęcki's method. The highest water needs of elderberry occurred in central-north-west (264 mm) and central-east (262 mm) Poland, while the lowest (244 mm) in the south-east region. In June, the highest total monthly water needs (119 mm) were noted for south-west Poland, whereas the lowest (107 mm) for the south-east region. In June and July, except for the central-north-west region, an upward time trend of water needs was noted throughout Poland. In June and July, the highest value (135 mm) of rainfall deficit N 50% and N 25% was estimated for the central-north-west region, while the highest rainfall deficit N 10% (269 mm) for central-east Poland. The results of the presented research find application in the planning of irrigation treatments for elderberry in Poland.
INTRODUCTION
Elderberry (Sambucus nigra L.) (Adoxaceae family) is a popular species used as an ornamental as well as medicinal plant (Podbielkowski, 1989) . Sambucus nigra L. plants grow in very diverse habitats. Elderberry trees can be found both in cities and rural areas. This species occurs in forests and home gardens, and also cemeteries. Elderberry plants inhabit balks, scrubs, ground and railway embankments. Sambucus nigra L. has low soil requirements, but it grows best on moist and humus soils (Seneta, 1991) . Several elderberry cultivars, including Aurea, Aureomarginata, Black Beauty and Laciniata, have unique decorative qualities, such as the different shape and colour of the leaves and flowers, so they are eagerly planted in gardens and parks (Kawecki et al., 2008) . Both wild and cultivated elderberry plants are used not only as ornamental and medicinal plants, but also in crafts and games, and are also a source of food for humans and animals. This species also finds use as windbreaks and for stabilizing river banks (Charlebois et al., 2010) . The elderberry fruits belong to the so-called super fruits group; they are characterized by a high concentration of nutrients with proven high biological activities. Their health-promoting properties include, above all, antioxidant activity, protective effects in diseases of the cardiovascular system, as well as support in diabetes and obesity (Kołodziej and Drożdżal, 2011; Gramza-Michałowska and Sidor, 2015; Nurzyńska-Wierdak, 2016) . The nectar and pollen of Sambucus nigra L. are also a rich source of food for adult syrphids, while Aphis sambuci aphids are eaten by syrphid larvae. In connection with the above, elderberry plants can also be used to attract these beneficial insects to near fields and orchards (Wojciechowicz-Żytko and Jankowska, 2016) .
High seedling rate of elderberry in parks or gardens depends largely on the soil water content, which can be replenished using properly designed and managed micro-irrigation systems (Żakowicz, 2010; Żakowicz and Hewelke, 2012) . However, before performing the irrigation treatments, it is necessary to estimate the water needs of the plants introduced into a specific area.
The purpose of this investigation was to calculate the water needs of elderberry trees grown in land reclamation areas for more than three years after planting. The water needs were assessed for the period when the water needs of plants generally increase, i.e. from June 1 to July 31, over a thirty-year interval , in different regions of Poland. The current studies are a continuation of the investigation published by Rolbiecki et al. (2018) , which analyzed the water needs of elderberry during the first three years after planting in the reclaimed areas.
MATERIAL AND METHODS
The elderberry (Sambucus nigra L.) water needs were calculated by the plant coefficient method. The plant coefficients for elderberry plants in the period three years or more after reclamation, which is the second stage of this process, were adapted to the reference evapotranspiration. The Blaney-Criddle formula, transformed for Polish conditions by Żakowicz (2010) , was applied to determine the reference evapotranspiration. The water needs (Etp) of elderberry trees were assessed for the months when the water needs of plants usually increase, i.e. for the period between June 1 and July 31, and also separately for June, in the thirty-year interval from 1981 to 2010. The calculations were carried out using data from 5 meteorological stations located in Olsztyn, Bydgoszcz, Warsaw, Wrocław and Kraków, which were representative of five agro-climatic regions of Poland, i.e. the north-east region (N-E), central-north-west region (C-N-W), central-east region (C-E), south-west region (S-W) and the south-east region (S-E), respectively (Łabędzki et al., 2013) (Fig. 1) .
The obtained results were statistically estimated by the average (mm), median (mm), maximal and minimal values (mm), standard deviation (mm), and also the variability coefficient (%). Furthermore, calculations were made in order to determine possible trends in the changes of elderberrytree water needs in the five regions studied using linear regression analysis with the evaluation of determination coefficients and correlation (Łabędzki et al., 2013) coefficients. The rainfall deficit at the probability of occurrence (N 50% , N 25% and N 10% ) was calculated in accordance with Ostromęcki's method (Żakowicz et al., 2009 ).
RESULTS AND DISCUSSION
The variability in elderberry-tree water needs in the period of two months, i.e. June and July, was relatively low in all the considered regions of Poland (Tab. 1). In June and July, the value of the variation coefficient of elderberry water needs ranged from 4.3% in the S-E region to 4.6% in the S-W region of Poland. In June, the variation coefficient of elderberry water needs was higher and varied between 4.5% in the N-E region and 5.3% in the S-W region of Poland.
Based on the presented calculations for the thirty-year period from 1981 to 2010, throughout Poland, i.e. in all the considered agro-climatic regions, a visible increase was observed in the water needs (Etp) of elderberry trees in the period from June 1 to July 31 ( Fig. 2) . Except for the C-N-W region, the time trend of elderberry water needs was significant throughout Poland. The highest increase in elderberry-tree water needs (by 7.1 mm in each subsequent decade) was observed in the S-E region. On average, in the years 1981-2010, throughout Poland, the water needs of elderberry trees in the June-July period rose by 6.1 mm in each subsequent ten-year interval (decade). In the previous study published by Rolbiecki et al. (2018) , the elderberry water needs throughout Poland during June and July, estimated for the first three years after planting in reclaimed areas (the first stage of reclamation), increased by 5.4 mm in each subsequent decade of the considered interval from 1981 to 2010. According to Rolbiecki et al. (2018) , from June 1 to July 31, in each decade of the thirty-year period, the increase in elderberry water needs ranged from 3.6 mm in the central-north-west region to 6.2 mm in the south-east region of Poland. The difference between the water needs of young elderberry plants considered by Rolbiecki et al. (2018) and the over three-year-old elderberry-trees studied presently, is the result of plant's age (Żakowicz, 2010) . On average, during the two months of June and July of the years between 1981 and 2010, the highest water needs of elderberry trees, grown for more than three years in the reclaimed areas, were estimated for the C-N-W (264 mm) and C-E (262 mm) regions, whereas the lowest water needs (244 mm) were calculated for the S-E region of Poland (Fig. 3) . In June, the highest total monthly water needs (119 mm) of elderberry trees were found in the S-W region, while the lowest (107 mm) in the S-E region of Poland. According to Rolbiecki et al. (2018) , in June and July, the highest water needs of elderberry plants in the first three years of growing after reclamation occurred in the C-N-W (232 mm) and C-E (230 mm) regions of Poland.
In June, in all the considered regions of Poland, a visible rise in the elderberry-tree water needs was observed (Fig. 4) . Moreover, throughout the country, except the C-N-W region, the time trend of elderberry water needs was statistically significant. In the years 1981-2010, in June, the water needs of elderberry trees increased the most (by 3.3 mm in every subsequent decade) in the S-W region of Poland. An insignificant time trend of the elderberry-tree water needs (only 1.4 mm) was noted in the C-N-W region. On average, in June of the years 1981-2010, throughout Poland, the water needs of elderberry trees rose by 2.4 mm in every subsequent ten-year interval.
In the months of June and July, the highest rainfall deficit N 50% (135 mm) was noted in the C-N-W region of Poland (Tab. 2). In the June-July interval, the highest rainfall deficit N 25% occurred N-E -north-east; C-N-W -central-north-west; C-E -central-east; S-W -south-west; S-E -south-east in the N-E and C-E (195 mm), as well as in the C-N-W region of Poland (213 mm). The highest rainfall deficit N 10% was calculated for the N-E (237 mm) and C-E (269 mm) regions. In June and July, the rainfall deficits N 25% and N 10% in the S-W and S-E Poland were lower than in the N-E, C-N-W and C-E regions of the country. At this point, it should be mentioned that the rainfall deficit N 10% value covers 90% of the water needs of elderberry trees estimated for June and July (Żakowicz et al., 2009) . In June, the highest rainfall deficit values N 50% (64 mm) and N 25% (79 mm) were noted in C-N-W Poland. At the same time, the highest value of rainfall deficit N 10% (101 mm) was calculated for the C-E region of the country. In June, the lowest rainfall deficit N 50% (20 mm), N 25% (32 mm) and N 10% (48 mm) values occurred in S-E Poland. In the study reported by Rolbiecki et al. (2018) , during June and July, the highest rainfall deficit (102 mm) during the growing of elderberry plants for three years after planting in the reclaimed areas occurred in the C-N-W region of Poland. In turn, Rolbiecki et al. (2018) had calculated noticeably lower rainfall deficits in the S-W (72 mm) and C-E (82 mm) regions of the country. Finally, in S-E Poland they had noted the lowest rainfall deficit (40 mm).
In the present study, throughout Poland, an evident increase was observed in the elderberry-tree water needs calculated for June and July of the years 1981-2010. Current results confirmed the results published by Łabędzki (2009) and Rolbiecki et al. (2018) . The climate changes observed presently, mainly the increase in air temperature, will certainly increase plant water needs and will raise the demand for water required for crop irrigation (Döll, 2002; Łabędzki, 2009 ). In connection with the presently observed adverse climate changes, activities, such as the development of irrigation techniques, should be undertaken, the aim of which is to mitigate the effects of these changes (Łabędzki, 2009; Kuchar and Iwanski, 2011; Kuchar and Iwanski, 2013; Żarski et al., 2013; Kuchar et al., 2015; Kuchar et al., 2017; Rolbiecki et al., 2017) .
The results presented in this paper will be helpful in designing and engineering elderberrytree watering methods. Irrigation techniques are considered as fundamental melioration treatments that ensure development of tree and shrub seedlings in crops and plantings, and in forest nurseries (Rzekanowski and Pierzgalski, 2006; Ptach et al., 2017) . Several studies conducted near Bydgoszcz have demonstrated advantageous effects of some melioration treatments (revitalization), e.g. micro-irrigation, on the growth of plants of such species as Pinus sylvestris (Klimek et al., 2008) , Betula alba (Klimek et al., 2009) , Larix decidua (Klimek et al., 2011) , Tilia cordata (Klimek et al., 2013) and Paulownia tomentosa . Sambucus nigra L. is not a drought-tolerant species (Byers, 2005; Byers et al., 2014) . Elderberry is barely sensitive to the water content in the soil (Tökei et al., 2005) , so it grows on almost all types of substrates, but preferably on fertile, medium-dry and moist soils. Elderberry plants are sensitive to particularly dry habitats, such as dunes and gravel soils, where dwarf forms of this species are produced (Dörken, 2011) . Based on field experiments, Żakowicz (2010) and also Żakowicz and Hewelke (2012) had confirmed the use of a sprinkler irrigation system for elderberry growing in reclamation plantings in Poland. The favourable effect of the treatments used for elderberry irrigation had also been recorded in Hungary (Tőkei et al., 2005) . Correspondingly, in the United States of America, drip irrigation as well as trickle irrigation had been successfully applied to watering elderberry plants (Byers, 2005; Charlebois et al., 2010; Byers et al., 2014) . the experimental design, analytical measurements and manuscript writing.
